Optical Character Recognition (OCR) is a very old and of great interest in pattern recognition field. The recognition of cursive scripts like Persian and Arabic languages is a difficult task as their segmentation suffers from serious problems in different languages. Segmentation is a process of dividing cursive words into smaller parts in order to decrease complexity and increase accuracy of recognition process.
INTRODUCTION
Optical Character Recognition (OCR) is the task of categorizing an image as a character in a given script. The process is within the field of pattern recognition, which aims to develop new capabilities in computer systems that will allow higher levels of automation.
Persian or Farsi is the official language of more than 150 million peoples of the world. Like Arabic, Persian is a right to left script, but there are some differences like number of alphabets, font styles, vocabulary and signs, which make Persian OCR somehow different from Arabic. In last decades several researchers worked on Arabic OCR [1] [2] [3] [4] [5] [6] , and as a result today there exist some commercial OCR products for Arabic language. But in the field of Persian language, lots of OCR papers are about isolated character/digit recognition [7] [8] [9] [10] and there are only a few papers in the field of printed text recognition [11] [12] [13] [14] [15] . It seems that the first paper about Persian printed text recognition is [16] .
Generally, Persian/Arabic Recognition can be done offline or online. In offline recognition, papers, manuscripts or documents are scanned or captured, and finally are manipulated by OCR system. In online recognition application takes place during the writing process, many systems were developed for manipulating online Arabic OCR such as [17, 18] . The online recognition system however is beyond the scope of this paper.
Segmentation is the most crucial and most difficult step in a Persian/Arabic OCR. It involves segmenting the text image into blocks, lines, words and ultimately into characters. A poor segmentation process produces misrecognition or 1 This work is supported by University of Bonab under Research Projection 100-12.
rejection [19] . It is especially important for Persian OCR systems due to the cursive nature of Persian script and the fact that some Persian words overlap vertically [20] . Amzi and Kabir [11] proposed a new segmentation algorithm based on the conditional labeling of the upper contour. They also proposed a technique to adjust the local baseline for each subword. Menhaj and Adab [14] proposed a segmentation and recognition method for printed text recognition. They used Fourier descriptors as features and MLP as classifier.
In this paper, a new segmentation method of the Persian language based on adjustment the fragments is proposed. That is, first Persian words are fragmented using their structural properties and connectivity points and then produce characters by merging fragments. The proposed method is simple to implement and does not require lengthy numerical computations.
The organization of the paper is as follows: some background knowledge about the characteristics of Persian script is given in Section 2. The structure of the Persian/Arabic OCR system is given in Section 3. The processes involved in the image acquisition and preprocessing stages are also presented in this section. A detailed description of the proposed segmentation approach is found in Section 4. The proposed system's experimental results are presented in Section 5. Finally, the paper concludes in Section 6.
GENERAL CHARACTERISTICS OF PERSIAN SCRIPT
The Persian language (Farsi) was written in Cuneiform until the Arab conquest of Iran in 642CE,when it was replaced by Arabic script. However, Iran retained its own language and as a result, required augmentation of the Arabic alphabet to cater for new sounds. As such, any system recognizing Persian script will also recognize Arabic. In addition to the 28 Arabic characters, four additional characters are used for the sounds "Ch", "P", "G" and "Zhe" 2 . The form of the character, analogous to the upper and lower cases in English, depends upon it's position in the word and the characters which surround it. The four forms are Detached, Initial, Medial and Final. The alphabet, showing all four forms, is displayed in Fig. 1 .
Fig.1: The Persian Alphabet
Here we describe the most important features of Persian script from OCR point of view:

Letters are written from right to left, but numerals are written from left to right. We should consider this attribute for regenerating recognized text.  Words are aligned by a horizontal virtual line called "baseline" and are separated by long spaces. Each word is composed of one or more character(s) and/or sub-word(s). A sub-word is a combination of joint letters. Sub-words are separated by short spaces and if one sub-word has more than one character, each of them will be connected to its neighbors along the baseline. For example the word Persian " ‫فارسی‬ " is composed of one letter, " ‫ر‬ " , and two sub-words, ‫"فا"‬ and " ‫سی‬ " , each of them having two letters.  Some letters only differ in number or position of their dots, e.g. letters Je " ‫ج‬ " , He " ‫ح‬ " , Khe " ‫خ‬ " and Che " ‫چ‬ " have the same shapes, but different dots.  Some digits are very similar to some letters: digit 1 "1" and character Alef " ‫ا‬ " , digit 0 "0" and dot ".", digit 5 "5" and character Ha " ‫ه‬ " .  Each letter can take some signs like Tashdid " ّ ", Hat as in " ‫آ‬ " , Sarkesh as in " ‫گ‬ " .  In some fonts, digits 4, 5 and 6 and letters Kaf and Ye, have two shapes, which both of them may be used, e.g. "۴" and " ٤ " for digit 4 and " ‫ک‬ "
and " ‫ك‬ " for letter Kaf.
 Some characters may be horizontally overlapped with others in a document. Two characters ‫"و"‬ and ‫"ج"‬ of the word moj ‫"موج"‬ overlapped each other.
PERSIAN/ARABIC CHARACTER RECOGNITION
The typical Persian/Arabic OCR system consists of five components: image acquisition, preprocessing, segmentation, feature extraction and classification (recognition) [20] . Each of those contributes to the final recognition rate to improve of the OCR system.
Image Acquisition
Transforming the written text in papers or transcript to digital format is a necessary step in the OCR. In the image acquisition the paper is scanned or captured. The scanner speed, document types and scanning quality need to be considered in the document scanning.
Preprocessing
The aims of image preprocessing are to reduce the noise coefficients and to increase the readability of the input by the processing system. The preprocessing stage is also necessary to increase the uniformity in texts which is quite essential for recognition system. The Preprocessing stage is the important stage of Persian/Arabic OCR. It directly affects the reliability and efficiency in the segmentation, feature extraction and classification process [21] . In order to improve the Persian/Arabic OCR system performances, generally, preprocessing stage should contain binarization, filtering and smoothing and thinning (Skeletonization).
Binarization
The Persian/Arabic OCR systems usually accept inputs in bilevel format or to be more specific binary format. Generally, the input text images in grayscale. Hence, we need a preprocessing stage called binarization. It converts from gray scale image to bi-level image taking into consideration a threshold pixel value for comparison. The threshold pixel value can be computed based on the histogram of the gray values of the images.
Filtering and Smoothing
Noise may appear in the images after scanning or binarization. It is necessary to remove the noise and smoothing the input text image to prepare the data for the further processing. Generally the Persian/Arabic OCR systems are very sensitive to noise. It influences negatively the system performances. The images processing Median or Gaussian filters usually use to remove the noise [22] .
The nature of the Persian/Arabic writing or the binarization process may produce small holes or unwanted edges. These small holes and unwanted information can affect directly in the systems performance. The small holes should be closed and the unwanted information should be deleted by using the opening and closing morphology operation respectively [22] .
Thinning the Text
Thinning is very important in Persian/Arabic OCR system. It simplifies the texts shapes for segmentation process, feature extraction, and classification. This is resulted in reducing the amount of data that need to be handled [20] .
Segmentation
Segmentation problem is the most difficult and important issue in the Persian/Arabic OCR. It directly affects the feature extraction and classification process [23] [24] . Although some segmentation methods have been created for segmenting the Persian/Arabic text, the problem is still remain as an unsolved issue. This may due to the complex characteristics of the Persian/Arabic written text.
The Persian/Arabic text segmentation methods can be classified broadly into two approaches: First is called holistic approach or segmentation-free approach. This technique aims to segment the text to words or sub-words [20] [24] . It splits the paragraph into separate lines and then split these lines into words or sub-words. The horizontal projection method is usually used to segment the paragraph into lines [25] while the vertical projection method is used to segment the lines into words or sub-words [6] .
Second approach is called Analytical approach, in this method, the Persian/Arabic word or sub-words segment into small classifiable element or into fragments (tokens), these fragments could be parts of a character, characters, mixture of characters [24] .
Feature Extraction
Feature selection is one of the most critical issues in character recognition as the recognition rate is dependent on the choice of features. It has a big influence on the classification stage [20] . Every character has some features that distinguish it from the other characters. Some of the commonly used features for character recognition are loops, holes, strokes, vertical lines, cusps, etc. 
Classification
The classification process is carried out at the final stage to recognize the character. It assigns an unknown feature into a predefined class. AOCR systems can recognize the text by either the Holistic (Global) or Analytic strategies. The Holistic (Global) strategy recognizes the whole words or subwords, as well as it does not require segmentation, and it works on limited number of vocabularies [31] . On the other hand the Analytic Strategy recognizes the segmented features, as well it requires segmentation, and can be applied on unlimited vocabularies [32] .
PROPOSED SEGMENTATION APPROACH
In the proposed approach, segmentation of text into individual characters is performed in four steps:
1-Line Segmentation and Baseline Detection, 2-Word Segmentation, 3-Word Fragmentation, 4-Adjustment the Fragments.
Line Segmentation and Baseline Detection
This process aims to separate the pairs of consecutive lines in the text. The process is based on the analysis of the horizontal projection of the text. The segmentation between lines of text is determined by scanning through the profile from the first row. If the difference of the number of black pixels between two rows is larger than a predefined threshold, a new line of text is indicated (depicted in Fig. 2) . The next large variation in the number of black pixels between another two rows indicates the bottom of the line. 
Word Segmentation
After a text is segmented, it is scanned vertically. If in one vertical scan two or less black pixels are encountered then the scan is denoted by 0, else the scan is denoted by the number of black pixels. In this way a vertical projection is constructed. Now, if in the profile there exist a run of at least k consecutive 0's then the midpoint of that run is considered as the boundary of a word. The value of k is taken as a half of the text line height. An illustration of the method is shown in Fig. 3 . 
Word Fragmentation
Word fragmentation involves the building of vertical projection of the connected parts of the word with baseline (without considering dots and other signs of the word's characters). A fixed threshold is used for segmenting a word into fragments. In other words, whenever the value of the vertical projection of the middle zone is less than two thirds of the baseline thickness, the area is considered a connection between two fragments. From the threshold level the algorithm searches for the break along the vertical projection.
Although these lines do not necessarily segment characters from a word correctly, the location and the number of them would directly affect the accuracy and speed of the OCR system [33] . It is important to note that this step only produces a sequence of fragments, while the segmentation of characters is confirmed at the next step. Fragmentation of the word ashkhas ‫"اشخاص"‬ without considering its dots is shown in Fig.  4 . 
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Adjustment the Fragments
In this step, fragments that is produced at word segmentation step, scanned from left to right and each fragment with its width less than a threshold value δ (an experimental value that is less than the average width of all fragments), checked for merging with neighbor fragments. Adjustment is done for merging small fragments that are parts of a character and are not whole characters. First let define Circle Form fragments (CF). The fragments that satisfy next four conditions are CF:
1-At the middle of the fragment and above the baseline the pixel's density is zero (hasn't any pixel in TQ section of the fragment), 2-At the middle of the fragment and under the baseline the pixel's density is high (continues stream of pixels in DQ section of the fragment), 3-The fragment hasn't any dot, 4-Pixels at middle of the fragment don't across the baseline.
CF is made at the end of these characters ‫,"س"‬ " ‫ش‬ " , " ‫ص‬ " and " ‫ض‬ "
. An example of CF fragment is shown in Fig. 5 . ‫ﭙ‬ " , te ‫,"ﭡ"‬ se ‫,"ﭤ"‬ noon ‫"ﻧ"‬ and ye ‫)"ﯿ"‬ and function TqPix() returns pixel density of Top Quarter of the given fragment (this test is done to exclude merge of fragments containing characters alef " ‫ا‬ " and lam " ‫ل‬ " ). For example Adjusting fragments of the word ashkhas ‫"اشخاص"‬ is shown in Fig. 7 . 
EXPERIMENTAL RESULTS
To evaluate the efficiency and accuracy of proposed approach, we developed a program to segment Persian cursive script in offline mode. C# language and Visual Studio 2010 were used as developing language and environment respectively. Input data was 100 scanned pages of typed Persian text with 10 different Persian fonts and sizes, using a flatbed scanner. The accuracy of our proposed segmentation approach is shown in Table 1 .
Our experiments showed 98.02% average accuracy in identifying right segments. As you can see from the Table 1 , fonts like Nazanin and Titr which are similar to machineprinted style, have a high accuracy and overlapping fonts like Sina and Traffic which are more similar to handwritten style, have a low accuracy. It's notable that increasing the font size, it increases the accuracy of segmentation. 
CONCLUSION
Segmentation introduces the most serious problem in the development of cursive script OCR system including Persian/Arabic language scripts. In order to overcome this problem, we proposed a new segmentation approach based on adjustment the fragments. That is, we fragmented Persian words using their structural properties and connectivity points. Then, we produce characters by adjusting the fragments. The method is simple to implement and does not require lengthy numerical computations.
The system was tested on different groups of pages with different properties. The test contains 100 pages with 10 different fonts and sizes that are used regularly in Persian printing. Proposed segmentation approach has 98.02% average accuracy in identifying right segments. As seen from the result of our experiments, our technique is robust to different fonts of Persian scripts.
